Trichloroethylene (TCE), C2HC13, has been produced commercially for more than 80 years. For the past few decades it has been used primarily for metal degreasing, and as a solvent for oils and resins.
Chronic high dose exposure to TCE increases the incidence of some forms of cancer in some species of rodents. Malignant tumours of the liver occur with increased frequency in Swiss and B6C3F, mice of both sexes, after either respiratory' or oral2 exposure to TCE, but not in some other strains of mice nor in rats or hamsters.3 6 Chronic exposure to TCE increases the incidence of adenocarcinomas of the lung in female ICR and B6C3F, mice,' 7 but other strains of mice and rats that have been tested did not develop lung tumours. ' Small increases in the occurrence of kidney tubular cell carcinomas and testicular tumours also have occurred after TCE in some (but not all) species of male rats. 2 5 The occurrence of cancer has been monitored in several employed groups in whom specific exposure to TCE could be identified. Four of these cohort studies8-" have tabulated the rates of individual types of cancer. The purpose of this article is to review the results of the four cohort studies (augmented, for several of the cancer sites, with data from other studies) to assess the possibility that occupational TCE exposure has an effect on the occurrence of one or more forms of cancer.
Description of the four large cohort studies of workers exposed to TCE Although the results of this study support the hypothesis that exposure to TCE is associated with either or both of non-Hodgkin's lymphoma and Hodgkin's disease, the potential for differential reporting of exposure between cases and controls-especially given that for 37% of subjects the data were obtained from a surrogate respondent-argues for caution when interpreting the results.
CANCERS OF THE URINARY TRACT (TABLE 4)
In the National Cancer Institute cohort only, deaths from bladder cancer were somewhat more common than expected (SMR-I 4), but there was no indication of a particularly high rate in people most heavily exposed to TCE. Cancers of the kidney were as common in each of the four cohorts exposed to TCE as in the general population. In a fifth cohort, consisting of 169 male employees exposed to TCE in a German cardboard factory in which the incidence of only renal cancer was described,'9 a different result was obtained. During a follow up period averaging 34 years, five cases of kidney cancer occurred, compared with no cases in 190 nonexposed workers, and an expected incidence (based on population rates) of approximately 0-6. Although no measurements of TCE concentrations were made at this factory, a description of the ways in which TCE was used there, along with anecdotal reports of the frequency of acute symptoms of TCE toxicity, suggest that the exposure of these workers was relatively high compared with that of the other cohorts studied. Although the increased incidence of kidney cancer that was seen could be indicative of an adverse effect of very high occupational exposure to TCE-especially given that mutagenic metabolites of TCE may be preferentially formed in renal tubular cells'9-this finding should be interpreted cautiously. Abdominal sonography was performed on all study participants (exposed and non-exposed), suggesting that the identification of a suspected altered risk of renal cancer in the plant-perhaps on the basis of a recognised cluster of cases among members of this workforce-had occurred before the start of the study. Thus, the meaning of these results will not be clear until a study has been conducted among employees of one or more other factories that had similar exposure conditions. OTHER CANCERS (TABLE 5) Occurrence of lung cancer was no more common in members of the four cohorts than in the population at large. Similar findings20 were obtained in a study of people employed in a manufacturing plant in northern Illinois that had used TCE as a degreasing agent. During 1957-83, nine deaths from lung cancer occurred, in contrast to 12-1 expected. In none of the studies was there an increase in the occurrence of tumours of the breast or central nervous system. A case-control study of astrocytic brain tumours2" also found no association with employment that potentially involved exposure to TCE. Occurrence of prostate cancer was increased to a small degree in all but the National Cancer Institute study. In the Finnish study, although the excess incidence of prostate cancer was confined to the period after 20 years from the time of the first measurement of trichloroacetic acid, it was also confined to the men in the lower exposure category.
Discussion
Data from the epidemiological studies completed to date suggest that, with the possible exceptions of cancers of the liver, nonHodgkin's lymphoma, biliary tract, and kidney, no type of cancer seems to develop more commonly in people occupationally exposed to TCE than in members of the population at large.
Rates of liver cancer were increased, but in all four cohort studies only a total of 16 cases were identified, and the size of the increase was modest and failed to grow with increasing estimated exposure to TCE. Despite the ability of TCE to produce liver cancer in several mouse strains, the absence of a clear increase in the risk of this disease associated with occupational exposure to TCE has a possible explanation. Among experimental animals, the development of liver cancer correlates closely with concentrations of the metabolite trichloroacetic acid produced after TCE exposure (high in mice, low in rats (and in humans)), and with the ability of trichloroacetic acid to stimulate the production of peroxisomes (a cellular organelle). The presence of peroxisomes seems to be a link between trichloroacetic acid and the development of liver cancer in mice,22 but peroxisomes are not induced by trichloroacetic acid in humans. 23 Only the National Cancer Institute and Finnish studies reported on the occurrence of cancers of the biliary tract. The failure of the other two studies to provide corresponding data could well be due to the absence of any observed cases, or the absence of any association with this site based on but one or two cases. This, in conjunction with the lack of a graded increase in risk of biliary tumours with increasing cumulative exposure in the National Cancer Institute study argues for caution when trying to interpret these results.
Rates of lung cancer among cohort members exposed to TCE were very close to those expected. An explanation for the lack of relation of lung cancer to exposure to TCE in humans, in contrast to a positive finding in two strains of mice, may lie in differences in the prevalence and nature of Clara cells across species. Clara cells are unusually common in the respiratory tract of mice, and they metabolise TCE primarily to chloral,24 a genotoxic substance. In humans (and in rats, who also do not develop lung tumours in response to TCE), Clara cells are far less numerous than in mice, and human Clara cells seem to lack the metabolic capacity to produce chloral. 2425 Each of the four principal cohort studies measured or estimated the degree of exposure to TCE, at least in qualitative terms. Therefore, they were able to exclude from some analyses the mortality experience of people with little or no contact with TCE. In the three studies that sought to estimate absolute concentrations of exposure (all but the National Cancer Institute study), those concentrations generally were found to be low, within current recommendations for a threshold limit value of 50 ppm recommended by the 
